Abstract: Bone remodeling is achieved through the resorptive activity of osteoclasts and the synthetic activity of osteoblast and it continues throughout life. Cement lines are formed by osteoblasts and are recognized between old and new bone. However, the detailed structure of cement lines has still not been clarified. The present study researched the ultrastructure of cement lines in a ferret femur using light microscopy (LM), transmission electron microscopy (TEM) and scanning electron microscopy (SEM). On LM, many resorption tunnels were recognized in cortical bones. Some osteoclasts in Howship's lacunae were observed at the top of the resorption tunnel (cutting cone), and osteoblasts forming some layers were recognized behind osteoclasts (filling cone). The layer of osteoid was observed under osteoblasts, and it was slightly eosinophilic on the decalcified specimen. A very thin layer of cement lines was recognized between osteoid and old bone, and it was slightly basophilic on hematoxylin and eosin (HE). On the non-decalcified sections stained with toluidine blue (TB), cement lines showed anochromasia in the non-etched specimen, but stained with TB in the etched one. On TEM, cement lines were recognized between osteoid and old bone, and they were revealed as extracellular matrices of an afibrillar layer, with a thickness of about 2µm. On BSE analysis, cement lines of osteon were observed as 1-2µm white lines. Conclusively, the present study indicated that cement lines are extracellular matrices of hypercalcified afibrillar layer having 2µm thickness.
Introduction
Bone remodeling is continued throughout life, and remodeling is carried out at spatially discrete foci by teams of cells that form the basic multicellular unit (BMU) 1, 2) . Cement lines are believe to connect newly formed bone and older bone to maintain bone integrity and biomechanical strength, and resorbed bone surfaces subsequently become cement lines after bone formation [3] [4] [5] . Bone remodeling continues at the periosteum side and the inside of compact bone throughout life 6) . In the latter, osteoclasts resorb bones and make resorption tunnels, and osteoblasts add newly formed bones 7) . Thus, secondary havarsian system and bone unit osteon are formed. Cement lines are absent in primary bone because they are by definition associated with the resorption of primary or secondary bone an d the formation of secondary bone 8) .
Cement lines, which exist between old and new bone, are formed by osteoblasts ahead osteoid and new bone forming, and play an important role of adhere old and new bones 4, [9] [10] [11] [12] . However, detailed structure of cement lines is still not clarified. The purpose of the present study is to reveal ultrastructure of cement lines of ferret femur in active bone remodeling using light microscopy, and transmission and scanning electron microscopies.
Materials and Methods
Six femora were obtained from 11 to 13-week-old male ferrets. The femurs were extracted and fixed with the mixed-solution of 4% paraformaldehyde and 1% glutaraldehyde. This research is done under permission of a committee in University of Toronto.
cutting, sections were stained in hematoxylin and eosin (HE) staining.
Non-decalcified sample
Some samples were embedded in Osteo-Bed bone embedding resin, and were cut and polished at the surface. Then, the samples were block-stained with toluidine blue, and were sliced and polished. Other samples were embedded in LR White resin, and semi-thin sections were made. Some sections were stained with toluidine blue (TB) or hematoxylin eosin (HE), and others were etched by 0.1% formic acid before staining.
Transmission electron microscopic (TEM) observation
Samples, same as decalcified LM, were sliced into small pieces, and they were post-fixed in 1% osmic and embedded in epoxy resin. Ultrathin sections were stained with uranyl acetatelead citrate, and were observed with a Philips 400 T transmission electron microscopy.
Scanning electron microscopic (SEM) observation
The non-decalcified samples for LM were used for SEM observation, and opposite sides were used for backscattered electron (BSE) analysis after carbon coating. The samples were examined under a Hitachi S-2500 scanning electron microscopy.
Results

LM
In the specimen of long axis direction of the femora, resorption tunnels were observed, and osteoclasts in Howship's lacunae resorbed the surrounding bone at the top of the tunnel (cutting cone) (Fig. 1 ). Behind osteoclasts, some mononuclear flattened cells were recognized and they continued to osteoblasts forming some layers (filling cone) (Fig. 1 ). The layer of osteoid was observed at the outside of osteoblasts and it revealed slightly eosinophilic on the decalcified specimen ( Fig. 1 ) and showed anochromasia on the non-decalcified specimen both in HE staining. Furthermore, very thin layer of cement lines showing slightly basophilic on HE staining was recognized beneath osteoblasts and the layer continued to the line beneath the osteoid (Fig. 1) . On the non-decalcified specimen stained with TB, the thin layer showing dark blue was observed at the same position in the etched one (Fig. 2) .
TEM
At the top of cutting cone of the tunnel, osteoblasts revealing as multinucleated giant cells with ruffled borders were observed in Howship's lacunae (Fig. 3) . Osteoblasts having mitochondria, rough endoplasmic reticulum, ribosomes, etc. were located at the bone surface behind the osteoclasts (Fig. 3) . A thin layer of osteoid having fibrils was recognized beneath osteoblasts (Figs. 3 and 4 (black arrow heads)). Beneath the layer of osteoid, cement lines revealed as extracellular matrices of afibrillar layer and the thickness was about 2 µm (Fig. 4 , white arrow heads). Beneath cement lines, old bone with many fibrils was observed (Fig. 4) .
SEM
Osteon as one bone unit was recognized on backscattered electron image on cross section, and cement lines were clearly observed as thin white line having 1-2 µm (Fig. 5 ).
Discussion
The bone disease poses one of the big problems socially in the upcoming aging society 13) . Osteoporosis socially attracts attention as one of the important diseases in elderly people 13, 14) .
Osteoclast-osteoblast communication occurs in the BMU at the initiation, transition and termination phages of bone remodeling 7) .
To reveal function and differentiation of osteoblasts is useful for understanding of the disease state and treatment of the disease 3, 15) .
Cement lines are another subject of interest because they appear to correspond to the developmental site of new bone which begins to form at cement lines 16) . There have been some BSE of SEM studies of cement lines [10] [11] [12] . It was reported that BSE analyses showed the consistent presence of a bright line coincident with the classical location and description of cement lines [10] [11] [12] .
Furthermore, they reported that this might represent relative hypermineralization or, alternatively, collagen deficiency with respect to surround ing bo ne 1 0-1 2) . It was reported that microstructural features including osteons and cement lines were considered to play an important role in determining the crack growth behavior in cortical bone 17) . Nakayama et al. 4) told that cement lines are not the site of a potential internal failure of bone strength in old osteopetrotic mouse. Cement lines are remnants of the reversal form bone resorption to bone formation during the remodeling process and the structure and composition of cement lines underlie their abilities to perform each of these functions 12) . There have been only a few studies of cement lines using TEM 18, 19) .
McKee et al. 18, 19) revealed that osteopontin was present as a major component of cell-matrix and matrix-matrix interfacial structures of cement lines. However, these reports use only high magnification TEM figures, it is difficult to understand the positional relationship of osteoblasts, osteoid and cement lines.
The composition and mineralization of cement lines have been 447 considered many times, yet these issues remain unresolved. Cement lines are believed to connect newly formed bone to older one to maintain bone integrity and biomechanical strength 14) . Cement lines have been suggested to contain "cementing" or "bonding" substances and are the place where new bone formation begins 16) . Schaffler et al. 11) told that the Ca/P ratio of cement lines was significantly greater than that of lamellar bone. It was reported that BSE analyses showed the consistent presence of a bright line (higher atomic number) coincident with the classical location and description of cement lines, suggesting cement lines are relative hypermineralization and collagen deficiency with respect to surrounding bone 10, 20) .
In the present study of light microscopy, very thin layer of cement lines showed slightly basophilic on HE staining or dark blue on TB was recognized between the osteoid and ole bone. In harmony with these proceeding studies, BSE analysis of the present study revealed that cement lines of osteon were 1-2µm white lines as same as previous studies. TEM study demonstrated that cement lines were matrices of afibrillar layer having about 2µm thickness.
Conclusively, the present study suggested that cement lines are extracellular matrices of hypercalcified afibrillar layer and they have about 2µm thickness locating between newly formed bone and old one. 
